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ZMYND8 is a primary HIF coactivator that mediates breast cancer progression
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ABSTRACT
Epigenetic regulator plays a pivotal role in breast cancer progression. We recently demonstrated that the
epigenetic reader zinc finger MYND-type containing 8 (ZMYND8) mediates breast cancer progression
and metastasis by activating hypoxia-inducible factor (HIF). This discovery provides new insights into the
molecular mechanism underlying HIF activation and breast cancer progression.
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Hypoxia is a hallmark of tumor microenvironment and drives
breast tumor malignancy.1 Hypoxia-inducible factor (HIF),
consisting of a α subunit (HIF-1α, HIF-2α, and HIF-3α) and
a β subunit [HIF-1β and aryl hydrocarbon receptor nuclear
translocator 2 (ARNT2)], is a master regulator of adaptive
responses to hypoxia by inducing hundreds of downstream
target genes.2 Our previous studies and others have shown
that epigenetic regulators, including writers and erasers, are
required for HIF-mediated transactivation.3 However, how
the epigenetic reader modulates HIF transcriptional activity
to promote breast tumor progression and metastasis is poorly
understood.

We recently showed that the epigenetic reader zinc finger
MYND-type containing 8 (ZMYND8) was upregulated by
HIF-1 and HIF-2 in breast cancer cells.4 ZMYND8 was also
highly expressed in human breast tumors and was correlated
with poor clinical outcomes in patients with breast cancer,
suggesting that ZMYND8 may have an oncogenic role in
breast tumors. In vitro clonogenic and Boyden chamber cell
migration and invasion assays revealed that ZMYND8 knock-
out (KO) significantly suppressed breast cancer cell colony
formation, migration and invasion. Our in vivo orthotopic
xenograft assay further showed that ZMYND8 KO signifi-
cantly reduced breast tumor growth and metastasis to the
lungs in severe combined immunodeficiency mice by increas-
ing breast cancer cell death and decreasing tumor angiogen-
esis. HIF-1 and HIF-2 were required for ZMYND8-mediated
breast tumor progression and metastasis in mice.

We elucidated the molecular mechanism by which
ZMYND8 promotes breast cancer progression and
metastasis.4 ZMYND8 physically interacted with HIF-1α and
HIF-2α in breast cancer cells under hypoxia, and significantly
increased HIF transcriptional activity. RNA sequencing ana-
lysis showed that about 62.7% of HIF target genes were
enhanced by ZMYND8 in breast cancer cells under hypoxia.
Chromatin immunoprecipitation with high-throughput DNA

sequencing revealed that about 85.4% of HIF-1α peaks colo-
calized with ZMYND8 binding sites and about 92% of HIF-1
target genes showed a HIF-1α and ZMYND8 co-bound event
at the hypoxia response elements (HREs) in breast cancer
cells. These data indicate a global impact of ZMYND8 on
HIF target gene expression in breast cancer cells.

ZMYND8 is known to bind acetyl lysine 14 of histone H3
(H3K14ac) and acetyl lysine 16 of histone H4 (H4K16ac).5,6

We found that hypoxia significantly increased occupancy of
H3K14ac and H4K16ac at the HREs. Along with increased
enrichment of H3K14ac and H4K16ac, ZMYND8 occupancy
at the HREs was also elevated by hypoxia in breast cancer
cells. Thus, these two histone modifications may recruit
ZMYND8 to the HREs of HIF target genes in breast cancer
cells.

Previous studies have indicated that RNA polymerase II is
preloaded and paused at the promoter of HIF target genes and
that release of paused RNA polymerase II is essential for HIF-
mediated transactivation.7 We found that ZMYND8 triggered
release of paused RNA polymerase II to promote the tran-
scriptional elongation of HIF target genes in breast cancer
cells by increasing phosphorylation of RNA polymerase II at
serine 2 (S2P) at the promoter of HIF target genes. It was
recently reported that ZMYND8 binds to the phosphorylated
RNA polymerase II at serine 5 (S5P), but not RNA polymer-
ase II-S2P,8 suggesting that a scaffold protein may bridge
ZMYND8 and RNA polymerase II-S2P to induce the HIF-
dependent transcriptional program. Bromodomain-contain-
ing protein 4 (BRD4) is known to induce RNA polymerase
II-S2P.9 We found that BRD4 physically interacted with the
MYND domain of ZMYND8 via its bromodomains and
knockdown (KD) of BRD4 significantly decreased
ZMYND8-mediated HIF target gene expression in breast
cancer cells, indicating that ZMYND8 regulate the expression
of HIF target genes through BRD4. We further showed that
BRD4 was recruited by ZMYND8 to the HREs of HIF target
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genes in breast cancer cells. Taken together, ZMYND8
recruits BRD4 to the HREs of HIF target genes to induce
RNA polymerase II-S2P, thereby promoting the transcrip-
tional elongation of HIF target genes in breast cancer cells.

Lastly, we dissected the regulation of ZMYND8-BRD4
interaction in breast cancer cells.4 We found that ZMYND8
was acetylated at the lysine residues 1007 and 1034 within its
MYND domain by the acetyltransferase p300 (EP300, best
known as p300) and deacetylated by histone deacetylase
(HDAC) as the treatment of a HDAC inhibitor trichostatin
A increased ZMYND8 acetylation. Mutation of lysine 1007/
1034 abolished ZMYND8 binding to BRD4 and ZMYND8-
mediated HIF activation in breast cancer cells. Importantly,
wild-type, but not lysine-acetylation mutant, ZMYND8 res-
cued the colony formation, migration and invasion abilities of
ZMYND8 KD breast cancer cells in vitro, and partially
restored reduced tumor growth and lung metastasis conferred
by ZMYND8 KD in mice. Together, these data indicate that
ZMYND8 acetylation is precisely controlled by p300 and
HDAC and is required for HIF activation and breast cancer
progression and metastasis.

In conclusion, ZMYND8 acetylation mediates breast can-
cer progression and metastasis by inducing the HIF-depen-
dent transcriptional program (Figure 1). ZMYND8 is highly
expressed in human breast tumors and predicts the worse
outcome in breast cancer patients. Thus, our findings yield a

potential biomarker and therapeutic target for the diagnosis
and treatment of breast cancer.
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Figure 1. Zinc finger MYND-type containing 8 (ZMYND8) induces hypoxia-inducible factor (HIF)-dependent transcriptional programs that promote breast cancer
progression. In ZMYND8-proficient breast cancer cells, ZMYND8 is acetylated by p300 (EP300, best known as p300) and recruits bromodomain containing protein 4
(BRD4) to the hypoxia response elements (HREs) to enhance RNA polymerase II-mediated elongation of HIF target genes, thereby promoting breast tumor growth
and metastasis. In ZMYND8-deficient breast cancer cells, the recruitment of BRD4 to the HREs is blocked leading to impaired RNA polymerase II activation and HIF
target gene expression, thereby suppressing breast tumor growth and metastasis. H3K14ac, acetyl lysine 14 of histone H3. H4K16ac, acetyl lysine 16 of histone H4.
Pol II, RNA polymerase II. S2P, serine 2 phosphorylation.
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